Programmed cell death (PCD) is a fundamental process remarkably conserved in eukaryotes. In plants as well as animals or simple eukaryote, oxidative stress conditions were shown to induce such PCD. 4 Although apoptosis, the best-defined form of animal PCD, cannot occur in plant cells, plants and animals do share some common characteristics of PCD. 5, 6 It is well accepted that caspases play a major role in the PCD process within animal systems. Currently, no true caspases have been found within plant systems, but evidence suggests that caspase-like proteins participate in plant PCD. 4, 7 We demonstrated that O 3 , a major secondary air pollutant, induced an acute cell death in suspension cells of Arabidopsis thaliana.
1
Using A. thaliana cultured cells; we recently reported new insights regarding the effect of acute O 3 exposure. [1] [2] [3] This consist in an oxidative dependent controlled cell death process involving cell shrinkage due to an early activation of anion channel 1 and a delayed activation of K + outward currents, 2 but also to early events like Ca 2+ influx or singlet oxygen production possibly linked to mitochondrial dysfunction. 1 Here we provide evidence that most of these early events act downstream of caspase-like activities as recently demonstrated for K + channel activation. 
and Anion Channel-Dependent Activation of Caspase-Like Activities
Arabidopsis thaliana L. cell suspensions were grown in Gamborg culture medium under continuous shaking (120 rpm) at 22 ± 2°C.
2 Experiments were performed using log-phase cells 4 d after sub-culture. Ozone exposure of the cell suspension (50% packed cell volume, PCV) have been conducted using 0.1 L/min; 10 mg O 3 /h (35 ppm) which allow reaching 80% of cell death in 2 h.
1,2 The experiment was conducted in vivo by incubating the cells with a pan-caspase fluorescent inhibitor (zVADfmk) (CaspAce™, Promega, Ex = 490 nm, Em = 528 nm, Promega) known to interact with activated caspase-like in plant cells. 11, 12 Briefly, cells were incubated with 10 μM FITC-VAD-fmk during 15 min before treatment. All samples were placed between slide and coverslip and imaged using an oil immersion objective (40×, N.A. 1.25) and observations were performed on a laser scanning confocal microscope (Leica SP2 AOBS AOTF). Images were analyzed using Leica Confocal Software.
2 No significant fluorescence was observed in control cells (Fig. 1A) , whereas green fluorescent patches appeared progressively in O 3 -treated cells suggesting that caspase-like proteins were activated (Fig. 1A-C) . The caspase-like activity was observed mostly in the nucleus and just feebly in the cytoplasm (Fig. 1M) 14 Since in our model DABCO, a scavenger of singlet oxygen, was also found to drastically reduce the O 3 -induced cell death and mitochondrial depolarization, 1 a classic hallmark of cell undergoing PCD and a prerequisite to release of caspase from mitochondria in animal, 15 we further test its impact on caspase-like activities. As observed for ion channel blockers, DABCO drastically reduced the caspase-like activities since no green fluorescent patches could be detected in O 3 -treated cells after DABCO pre-treatment (Fig. 1F-N) .
Our data suggest that in addition to the delayed outward rectifying K + channel activation, 2 the activation of anion channel 1 and in a minor way the Ca 2+ influx, 1 as a production of singlet oxygen possibly linked to mitochondrial dysfunction could also participate to the activation of caspase-like activities. Further studies are thus needed to understand the nature, role and regulation of the caspase-like proteins in O 3 -induced cell death.
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No potential conflicts of interest were disclosed. reduced the labeling in nucleus (Fig. 1D and N) . Pre-treatment of the cell with the anion channel blocker glibenclamide before the O 3 pulse drastically reduced the labeling in the cytoplasm and nucleus ( Fig. 1E and N) . These data indicates that the activation of a plasma membrane anion and Ca 2+ channels occurs upstream of capase-like activity stimulation by O 3 . These data could be correlated with the anion channel dependent increase in transcripts 
